The effects of fatty acids and their glycerol and sucrose esters, potassium sorbate, and sodium benzoate on growth of Vibrioparahaemolyticus in laboratory media at pH 6.7 were evaluated. The minimum concentrations at which inhibition by esters of glycerol could be detected were lowest for monolaurin (5 ,ug/ml) and monocaprin (40,ug/ml); these concentrations were lower than those observed for inhibition by lauric and capric acids, respectively. Inhibitory action of sucrose caprylate was detected at 40,ug/ml, whereas sucrose caprate was effective at 100 ,tg/ml; sucrose esters of lauric, myristic, and palmitic acids were ineffective at 100
The effects of fatty acids and their glycerol and sucrose esters, potassium sorbate, and sodium benzoate on growth of Vibrioparahaemolyticus in laboratory media at pH 6.7 were evaluated. The minimum concentrations at which inhibition by esters of glycerol could be detected were lowest for monolaurin (5 ,ug/ml) and monocaprin (40,ug/ml); these concentrations were lower than those observed for inhibition by lauric and capric acids, respectively. Inhibitory action of sucrose caprylate was detected at 40,ug/ml, whereas sucrose caprate was effective at 100 ,tg/ml; sucrose esters of lauric, myristic, and palmitic acids were ineffective at 100 ,ug/ml. Potassium sorbate and sodium benzoate inhibited growth at concentrations as low as 30 and 300 ug/ml, respectively, and enhanced the rate of thermal inactivation of V. parahaemolyticus at slightly higher concentrations. Fatty acid esters of glycerol and sucrose offer potential as perservatives for slightly acid or alkaline low-fat foods which do not lend themselves to the full antimicrobial action of traditional food preservatives such as potassium sorbate and sodium benzoate.
The antibacterial and antifungal properties of fatty acids have been studied extensively. Generally, the most active chain length for saturated fatty acids is C12, whereas the most active monounsaturated fatty acid is C16:1, and the most active polyunsaturated fatty acid is C18:2 (4). The antimicrobial activity of lauric acid (012) can be enhanced when esterified to a variety of polyhydric alcohols. Several reports indicate that glycerol monolaurate may be inhibitory only to gram-positive microorganisms (2, 5, 8) ; however, other studies (7, 10, 11, 14) have shown that glyerol esters of capric and lauric acids have strong activity against gram-negative bacteria, e.g., Escherichia coli, Serratia marcescens, Proteus vulgaris, Salmonella typhimurium, and Pseudomonas aeruginosa, when in the presence of citric or phosphoric acids.
The sucrose ester of lauric acid is reported to inhibit the growth of E. coli to a greater extent than lauric acid itself (6) . Sucrose dicaprylate and sucrose monolaurate have been demonstrated to be active against gram-negative and -positive bacteria, as well as fungi (7, 8) . However, other workers (2) failed to demonstrate inhibition by lauric acid or its sucrose derivatives against E. coli or other gram-negative organisms.
Salts of sorbic and benzoic acids are well established as additives for preserving foods and beverages. Both acids are most effective in undissociated form, and, on a weight-to-weight basis, sorbate is generally more effective than is benzoate. Since the pKa of sorbic acid is 4.76 compared to 4.19 for benzoic acid, the preservative action of sorbic acid can be demonstrated at higher pH. Pseudomonas species, largely responsible for spoilage of refrigerated fresh seafoods, meats, and dairy products, are susceptible to the action of sorbate (3, 12) . These foods have a pH near neutrality. From a public health standpoint, the presence of Vibrio parahaemolyticus on seafoods is of particular concern. The use of sorbic acid to retard the rate of growth of this bacterium in crabmeat and flounder adjusted to pH 6.2 has been reported (13) .
The development and use of safe antimicrobial preservatives in foods continue to be of great interest to the processing industry. The present study was designed to evaluate the effectiveness of fatty acid esters of glycerol and sucrose to control the growth of V. parahaemolyticus, and to compare these derivatives to the traditional food preservatives, potassium sorbate and sodium benzoate. The effects of these compounds on the rate of thermal inactivation of V. parahaemolyticus was also studied. Table 3 . Caprylic acid and monocaprylin were least effective, with MICs of 100 lOg/ml. Capric and myristic acids were slightly more inhibitory (MIC = 60 ,ug/ml); however, monocaprin had greater activity whereas monomyristin had less activity compared to respective free fatty acids. Lauric acid had the same inhibitory action as did capric and (Table 3) , sucrose esters of lauric and myristic acids were less active whereas sucrose caprylate exhibited markedly higher inhibition.
MATERIALS AND METHODS
Traditional food preservatives. Table 5 lists the results using potassium sorbate, sorbic acid, and sodium benzoate. Potassium sorbate was more inhibitory (MIC = 30 ,Lg/ml) than was sorbic acid (MIC = 70 ,ug/ml), probably due to bConcentration in micrograms per milliliter.
'ND, Not determined. Table 2 .
'Concentration in micrograms per milliliter. 
DISCUSSION
The inhibition of growth of V. parahaemolyticus by fatty acids in the C8 to C14 range is not too surprising in light of existing data on the bactericidal activities of several of these fatty acids on other gram-negative bacteria. The stronger anti-Vibrio activity of monocaprin and, especially, monolaurin confirms reports by Kato and Shibasaki (7, 10) that fatty acids esters of glycerol do exhibit retarding effects on gramnegative bacteria. These researchers demonstrated that citric and polyphosphoric acids had an enhancing effect on the antibacterial action of monocaprin and monolaurin against several gram-negative bacterial species. They concluded that in E. coli a significant amount of lipopolysaccharide from cell walls was released by treatment with acids, thus stimulating the transport of monolaurin into the cell. In another study conducted by the same workers (8), monocaprin and monolaurin were reported to have little or no bacteriostatic activity toward gram-negative bacteria when tested in media not containing added citric or polyphosphoric acids. Kabara and associates (2, 5) tend to support the latter study, reporting that various fatty acid esters of glycerol, if active at all, are inhibitory toward gram-positive but not gram-negative bacteria. The positive responses of V. parahaemolyticus, a marine bacterium with considerable tolerance to salt (up to 10%) and intolerance to acid conditions (1), to monocaprin and monolaurin at concentrations less than that of respective free fatty acids and in a culturing medium at pH 6.7, establishes a potential for use of these compounds as preservatives in low-fat foods with slightly acidic or perhaps alkaline pH. The presence of citric or polyphosphoric acids does not appear to be a requisite for demonstrating inhibitory activity of esters of fatty acids and glycerol against all gram-negative bacteria.
Results from tests designed to evaluate sucrose esters confirm a report (6) indicating that such compounds do inhibit the growth of gramnegative bacteria. Sucrose laurate was inhibitory to E. coli at 100 ,ug/ml. However, of the esters evaluated here, increased activity was correlated with decreased carbon number in the fatty acid, i.e., the MIC was lowest for sucrose caprylate, higher for sucrose caprate, and not detected (>100 ,tg/ml) for the remaining sucrose esters tested. Relative activity may be associated with the ratio and relative amounts of mono-, di-, and triesters as well as chain length. Sucrose dicaprylate has been shown to be inhibitory to E. coli whereas sucrose monocaprylate was not (7) . A higher percentage of di-and triesters was present in sucrose derivatives of caprylic and capric acids compared to lauric, myristic, and palmitic acids evaluated in the present study (Table 1 ). Conley and Kabara (2) failed to demonstrate inhibitory activity ofsucrose esters of fatty acids (2C,2) against gram-negative bacteria.
Positive effects of potassium sorbate were noted at concentration as low as 30,Ig/ml. This was somewhat surprising, since the pH of the broth used to test the compound was 6.7, the approximate maximum for the active, undissociated form. The relatively reduced or nonexistent effect of sorbic acid at comparable concentrations was probably due to lower solubility in water. The sensitivity of V. parahaemolyticus may be greater in liquid laboratory media than in crabmeat and flounder. Robach and Hickey (13) reported that 500 ,ug of potassium sorbate per g delayed initiation of growth of three strains of V. parahaemolyticus (including strain 8700) in seafood homogenates. The lack of synergistic effects of monolaurin and sucrose caprylate in combination with potassium sorbate or sodium benzoate on V. parahaemolyticus may indicate that the mechanism of action of each of these compounds is different. Results from experiments reported here do not indicate an additive affect.
It was hoped that a comparison could be made among various test compounds with respect to their effects on thermal inactivation of V. parahaemolyticus. Kato and Shibasaki (9) showed that monocaprin and monolaurin had a strong enhancing effect on the thermal destruction of E. coli and P. aeruginosa. Because V. parahaemolyticus was extremely sensitive to ethanol at elevated temperatures, we were not able to carry out experiments using fatty acid esters of glycerol and sucrose. Although sucrose esters are soluble in water and could have been tested in this manner, previous growth studies involved the use of ethanol as a carrier to facilitate com- VOL. 39, 1980 parison with glycerol esters. The traditional food preservatives, however, definitely enhanced thermal inactivation of V. parahaemolyticus.
In summary, the inhibitory effects of several fatty acid esters of glycerol and sucrose on growth of a gram-negative bacterium, V. parahaemolyticus, have been demonstrated. At pH 6.7, the effects of monolaurin, monocaprin, and sucrose monocaprylate are substantial, approaching the level of action exhibited by potassium sorbate and exceeding the extent of activity of sodium benzoate at similar concentrations. Fatty acid esters of glycerol and sucrose offer potential as microbial inhibitors for slightly acid or alkaline low-fat foods which may not lend themselves to the full preservative action of potassium sorbate or sodium benzoate. The antimicrobial effectiveness of esters as influenced by lipid components in foods would appear to be a serious drawback to their use on a practical scale, but additional research needs to be conducted to confirm this suspicion.
